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Introduction
Cyclooxygenase is a rate-limiting enzyme in the production of biologically active prostaglandins and thromboxanes (DeWitt, 1991; . Since cyclooxygenase is a suicide enzyme (Egan et al, 1976) and must be replaced to sustain prostaglandin production, modulation of cyclooxygenase gene expression may have a role in agonistinduced increases in prostaglandin production. Indeed, agonist-induced increases in prostaglandin production are accompanied by an increase in cyclooxygenase gene expression in several cell types (DeWitt, 1991; Herschman, 1994) . Two isozymes of cyclooxygenase have been identified, COX-1 and COX-2. Genes for both COX-1 and COX-2 have been fully cloned in a number of mammalian species, including humans (Hla and Neilson, 1992; Takahashi et al, 1992) , mice Kujubu et al, 1991; O'Banion et al, 1992) , rats (Feng et al, 1993) and sheep (Medie et al, 1988; Zhang et al, 1996) . In most species, the COX-2 mRNA is much larger than the COX-1 mRNA (-4 .1 kb versus -2.8 kb), mainly because of the presence of a large 3'-untranslated region in COX-2 which contains a large number of Shaw-Kamen sequences that are known to confer selective mRNA degradation on other transcripts (Shaw and Kamen, 1986) . Despite the differences in transcript size, the COX-1 and COX-2 genes encode proteins of almost identical molecular mass that are approximately 75% homologous within species.
Endometrial prostaglandins, particularly of the E-series, play an important role in blastocyst implantation and decidualization in many animals (reviewed by Kennedy, 1990; Smith, 1991 (Jacobs and Carson, 1993) . IL-1 bioactivity can be detected in the mouse uterus during the peri-implantation period and this is accompanied by an increase in uterine ILla and IL-lß mRNA (De et al, 1993) . Application of a deciduogenic stimulus on day 4 of pseudopregnancy results in an increase in IL-and IL-lß mRNA in the uterine horn undergoing decidualization compared with the nonstimulated uterine horn (Choudhuri and Wood, 1993 (Bany and Kennedy, 1995a (1989) . The RNA was crosslinked to the membranes by UV irradiation (0.12 Jem"2).
Probes for COX-1 and COX-2 were prepared from EcoRI digests of full-length rat cDNAs (Feng et al, 1993 ). An 18S rRNA probe (Smith and Hammond, 1991) (Laemmli, 1970) , and then transferred to Immobilon'"-P membranes (Millipore Corporation, Bedford, MA) by electroblotting (Towbin et al, 1979) . COX-1 and COX-2 immunoreactivity was detected on the membranes by chemiluminescence as described by Bany and Kennedy (1997 (Fig. la) ; COX-1 mRNA was not detected. Furthermore, after incubation with IL-1 a, the relative abundance of COX-2 mRNA, as assessed by the ratio of mRNA signal: 18 S rRNA signal, increased significantly (P < 0.01) by approximately sevenfold (Fig. lb) .
Western blot analyses were used to determine the effect of (Fig. 2a) (Fig. 3a) . For the ratios of signal intensities of COX-2 mRNA and 18S rRNA (Fig. 3b) (Fig. 4a-d ).
After incubation with IL-, the amount of staining in all cells appeared to increase for COX-2 (Fig. 4b) compared with vehicle-treated cells (Fig. 4a) . In the presence of dexamethasone, IL-did not cause an increase in staining for COX-2 (Fig. 4c,d ). Pre-incubation of the COX-2 antibody with control peptide at a tenfold excess by weight caused a marked reduction in staining (Fig. 4e ). occur in a small subpopulation of stromal cells. It has been shown that IL-causes transcription-and translationdependent increases in both prostaglandin production and cyclooxygenase activity in endometrial stromal cells isolated from rat uteri that have been sensitized for decidualization (Bany and Kennedy, 1995a) . The present study suggests that these IL-1 -induced increases in prostaglandin production and cyclooxygenase activity are due, at least in part, to an increase in COX-2 gene expression. IL-may also increase mRNA and protein stability of COX-2. Further studies are required to determine whether IL-has such effects. IL-1 causes specific increases in the expression of the COX-2 gene in several non-uterine cell types (Kujubu et al, 1991; Rzymkiewicz et al, 1994; Kennard et al, 1995; Yucel-Lindberg et al, 1995; Porreca et al, 1996; Vigano et al, 1997) and mouse endometrial stromal cells Qacobs and Carson, 1993; Jacobs et al, 1994) .
In the present study, there was a discrepancy between the extent to which IL-increased steady-state concentrations of COX-2 mRNA and protein in the cells. Whereas IL-la increased steady-state COX-2 mRNA by approximately sevenfold and cyclooxygenase activity by approximately sixfold (Bany and Kennedy, 1995a) , the concentration of COX-2 protein increased by only 50%. The reason for these Fig. 4 . Photomicrographs of rat endometrial stromal cells immunocytochemically stained with an antibody against cyclooxygenase 2. Cells were incubated with (a) vehicle, (b) interleukin la (IL-la) (20ngml·1), (c) dexamethasone (5 pmol l·1), or (d) IL-and dexamethasone, for 24 h on day 2 of culture. Preincubation with control peptide (e) resulted in a marked reduction in staining. Scale bars represent 48 pm.
differences is unknown, but may be related to the fact that cyclooxygenase is a suicide enzyme (Egan et al, 1976) . It is possible that inactivated COX-2 is not detected by western blot analysis, leading to a smaller increase in detectable COX-2 protein compared with COX-2 mRNA.
Dexamethasone, a synthetic glucocorticoid, decreases prostaglandin production and cyclooxygenase activity in rat endometrial stromal cells in the presence or absence of IL-la (Bany and Kennedy, 1995a) . In the present study, dexamethasone decreased steady-state concentrations of COX-2 mRNA and protein in the presence or absence of IL-. This suggests that the effects of dexamethasone on prostaglandin production and cyclooxygenase activity were due, at least in part, to inhibition of COX-2 gene expression.
As shown in other cell types, glucocorticoids generally decrease COX-2 and not COX-1 gene expression (O'Banion et al, 1992) . However, since COX-1 mRNA and protein were not detected by the methods used in this study, dexamethasone may also have an effect on COX-1 expression in rat endometrial stromal cells.
COX-1 and COX-2 are expressed in a time-and cellspecific manner in the mouse endometrium during implantation. COX-2 mRNA and protein increase in the endometrial stromal cells undergoing decidualization in the subepithelial region just after the onset of implantation (Jacobs et al, 1994; Chakraborty et al, 1996) . Approximately 3.5 days after implantation, COX-1 mRNA and protein also appear in the endometrial stromal cells undergoing decidualization (Chakraborty et al, 1996) . COX-1 gene expression is not required for implantation in mice since COX-1-deficient female mice are fertile (Langenbach et al, 1995) . In contrast, Lim et al. (1997) showed that COX-2-deficient mice are defective in implantation and decid¬ ualization due to uterine-specific deficiencies. In addition, prostaglandin production has an obligatory role in implantation and the concentration of prostaglandin increases at implantation sites (Kennedy, 1990; Smith, 1991; Pakrasi, 1997) . The results of the present study and those of Jacobs et al (1994) suggest that IL-1 in the endometrium induces COX-2 gene expression in the stromal cells and thereby modulates the production of prostaglandins by these cells.
Type 1 IL-1 receptors (IL-1R1) and its ligands are expressed in the endometrium during peri-implantation in rodents. In the mouse uterus, IL-1R1 protein is located in the luminal epithelium during preimplantation and its concentration increases on the day of implantation in areas surrounding the blastocyst (Simón et al, 1994) . At day 7 of pregnancy in mice, after the onset of implantation, protein is localized in the stromal cells in the endometrium undergoing decidualization. Therefore, in mice, IL-1R1 expression occurs in a time-and cell-dependent fashion during the peri-implantation period. IL-1 bioactivity is present in the uterus on days 3-9 of pregnancy, with the greatest activity on days 3-5 (De et al, 1993) . This increase in bioactivity on days 3-5 is accompanied by an increase in ILla and IL-lß mRNA in the uterus. IL-and IL-lß mRNA is detectable in the uterus on days 1-8 of pseudopregnancy (Choudhuri and Wood, 1993) ; the concentration of both is highest on days 1-2 of pseudopregnancy, and decreases from days 3-8. However, when a deciduogenic stimulus is applied to the uterus on day 4, there is a marked increase in the concentration of mRNA for both IL-and IL-lß compared with non-stimulated uterine horns. On day 7 of pregnancy in mice, IL-protein is not detectable in the maternal decidual cells but is detected in the embryo at the interface with these cells (Simón et al, 1994) . Although IL-lRl and its (1994) show that IL-la increases COX-2 gene expression in rat and mouse endometrial stromal cells, respectively. Therefore, the IL-lRl signalling system in the uterus during peri-implantation may have a role in modulating endometrial COX-2 gene expression and prostaglandin production.
Previous studies indicate that the IL-1R1-signalling system is not required for implantation in mice. IL-1R1-deficient mice have no profound alterations in their reproduction (Abbondanzo et al, 1996) . In these mice, there is a 20% decrease in litter size that is not due to an effect on implantation rate. Furthermore, when normal and IL-1R1-deficient mice are injected with IL-1 receptor antagonist (which binds to IL-lRl and competitively inhibits IL-and IL-lß binding (Seckinger et al, 1987; Dripps et al, 1991; Granowitz et al, 1991) ) there is no effect on implantation (Abbondanzo et al, 1996) . This is contrary to the findings of Simón et al. (1994) . It 
